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(57) ABSTRACT

A photomask 1s formed by depositing an opaque layer on a
transparent substrate. A resist 1s formed on the opaque layer
and selectively patterned to expose the portions of the
opaque layer that are to be etched out. During the dry etching
step, the photomask 1s exposed to an etchant gas mixture
which exhibits a selectivity equal to or higher than 1.2:1
between the opaque layer and the resist layer. Due to the
selectivity of the gas mixture, a thinner resist film can be
used, thereby increasing resolution and accuracy of the
opaque layer pattern. Also, due to reduced susceptibility to
both a macro-loading effect and a pattern density effect,
overetching of the resist and underetching of the opaque
layer are significantly reduced, thereby achieving improved
ctching uniformity and consequently improved CD unifor-
mity.

27 Claims, 9 Drawing Sheets



U.S. Patent Mar. 21,2006  Sheet 1 of 9 US 7,014,959 B2

14
Fig. 1A — 1>
I
6
14
- >
Fig. 1B T
I
JEERIy
- .
Fig. 1C e
B
14
d
Fig. 1D i
(D
Lg
l}"

Fig. 1E
‘ﬂ



U.S. Patent Mar. 21,2006  Sheet 2 of 9 US 7,014,959 B2

Opaque Layer Deposition

Reflection Prevention Layer Deposition

Resist Deposition

Resist Patterning

Pry Efching

Resist Stripping




US 7,014,959 B2

Sheet 3 of 9

Mar. 21, 2006

U.S. Patent

Resist) vs O2/C0O2 Gas Flow

*
»

130 nm Gate Level Mask
Experimental matrix

Selectivity (Cr

14

(@s159Y : 1)) AARD3Ig
o ® W T
v —

™ o = —

<

m. : ] -l- e _._q._.a_-..- .

T __.m" -n___ |r.-ur. ﬁi-!-;-_-.n.m_‘.l.-ﬁﬂ..m.-.. =
z bR b -
Wi r—_n..n_ﬂ ....-u_ﬂ... -1.?.".!:_”.1 T.Tu..“mm,n.""h. QtiEeEs
1, i -_,. ..__ . e Mpelnlel et o .
i H,u.:

ke rarrnit ks ..
g Sl .
._. .Em.::.m.r"_.q .m...r
1..11 1.......,.{
“m"m

' S

um ur.r L.mi.

_1
«F?mvmmua s AR T

--_h._..-..
a

e bt b AR o L e M e e s e T T T T

._.

- 1 __.1_ r l-m..lm“.nu.u."."?.,_ -Mr“.l A.F I
£ ....u.::..v..__“_.“. T
el AL LR .:“f._,".u.."xnm-a ek i
a AR Le ._-._H-.-..._.- ..l_-.: CRLCY 1T
: e i . H......- ...m._._qn.. ._..._ -uJ..FH H—J.....qu.

AR
.mﬂ_.

.: _..m__

m %wh Fﬂ

.”_ Hﬁ_ i
....n...... e an e = -
o 3%@.“.;& 3",5{. A

...__nﬂ.._.tn.fﬂd rﬁvrﬁm%.ﬂ.ﬂn #u.n ..m

= Iy .-u.-__.-r.u.. - ._“._...u
_..

J:na.m __v._tn.?«.# bt : m.
PR R gy :

R R T AT .:iﬁ X H
%L;“.m.ﬂw.rm ﬁ,m s .".ﬂmﬂ,ﬁ%
& ‘Wfﬁaﬂw__f_ f ,m.»

F i

: .._
r mmm

2 ﬁﬂp .m.,fﬁf

gt il e e et

.:...... N, -1 bpe e i
Fei b Ca T
uw_ ..“__m“._.m...wﬂww_l ) ..m danityinl_l i

.__
-_

_-1_1-_1
T

v 0 wn < 7
3

(035 /y) serey YyaIg 1sIsey /3D

am ! .-L..r.r.,. o
b -
m. iy, ST N L a

T e

40 02710 CO2 40 02/40 CO2 20 02750 CO2 POR (20 O2) 10 02/40 CO2

1002

Etch Conditions

Resist —®— Cr Rate —*— Resist Rate

ty Cr:

Vi

t4l Select

FIG. 3



U.S. Patent

Mar. 21, 2006

Sheet 4 of 9 US 7,014,959 B2

Endpoint Time vs Cr Area

POR vs CO2/02
i_

1 zﬂnr' - — —

250 . -
| . $
1fuurr —_— . . r
| @ _ _ ) ) — ¢ |
!fm’ - . -
D220
| E *q -_‘
=210 -~ o _
|2 . . =" ]
"'E?.M . ~ F H_I
%hm)' . - -
u=J !l' .. LU I

180 N - — —_— .

- g R S S

160 — . _ -

1000 1000 3000 5000 7000 8000 11900 13000
Cr Etch Area (mm2)
I s POR
+ CO2102

FIG. 4A



U.S. Patent Mar. 21,2006  Sheet 5 of 9 US 7,014,959 B2

el FPRRRIRPRE e il s e -l -eilali e i LonleL i S il D o5l el bt bintaasie i e

Normalized Delta Xbar to centered Dose Normalized Delia X-bar vs Cr Etch Area |
0.02
g .
™ " mmw » —
; 0.01 - & <&
- “ * R
Pt . o : . * .
2 Lot
5 } ey &
A ® A P
A &
| ’§ N
E Q01 — U W— R em—— — - —
Zﬁ A
3
0.02 . | | | | — |
¢ 2000 4300 8000 BGO0 16000 12000 14500
Area
¢ CO20%2 Process + PORM?Y * POR ME

FIG. 4B



U.S. Patent Mar. 21,2006  Sheet 6 of 9 US 7,014,959 B2

O O SN W T M NN WEE RN P T N T o =S v e o vl e w S o ey vl A A ol oy w A B e T W S e Gy R R CERE By G e B o frly ey S e g e Pl T TR b B o e R B ke BN g P R oM e ey W el ol o WS Nl o Sy ey S SR vl B d S el w omm - wi e EEy E g B PR R B L g P e ey 8 o A g Ay

130 nm Gate Level Mask

Experimental Matrix
Selectivity (3 sigma : Range)} vs CO2/02 Ratio

15

NN
G On

T T 13 3 Gt . Fr i Ff F¥TF ] T T S F ¥¥ PP TF YU T F T

U N W T T

FIG. SA

Selectivi

e . . b oy g S A vl o e e S o o -l L R B S e o e o o . e - o
gl T . g gy LN A B A A amls s g o G ale o cales G e e el L A B oale S G S S A S ol gl .

0.95
0.9
0.85

X Axis CD Meas (nm)
anlh =
=T

¥

B R ] . . . . Ny = g mid FE TR Ly

—#- Selectivity 3 Sigma BB Range

gt nll Skl ok g g s B P b gy Pl B e ol B W e iy gl ol W --*-----.—‘—,'-h'-.-.-—..-..—-—-...-.‘.- X *¥F“FE_TKXK T F &4 T T _ETF L KL B E X8 BE _NE N3 LN LR ER__BE a1 5 _BE__BE_ I _EF __JLI__LE_§_ B R E_BF B_L_Jb 1l I N Il I N _EFE TR _LE_EN J§F_ L]

Fl-‘.-*““._.‘-.-‘.—'-.-.-—-—.l-f'

e EE W M el m g NN A P Ak E— o B e e e b sy g o e o S o e e om Nl am iml m aml m S b sl e e o BN N e O o ol ok e e S o o ol ol vy el o g s A ol ol o, AN BNk oy Beolie o B ol S S N Gl N g B el e oy ol P o gk gl O e e iy o o e g e o s gy e g

130 nm Gate Level Mask

Experimental Matrix
Selectivity (3 sigma : Range) vs CO2/02 Ratio

¥

Vi

Select

Fi1G. 5B

TR eI

N
AN
S
%,

I
!

~#- Selectivity 3 Sigma Range

Ll--_n-‘--—-—-—q-ﬂ ke i v g o P e ke P i T N Ak M o e g i S e o e e e g e ok e ke N e Rl R AR P A ek e 8 R gy e e ek R ot P o bl AR e

B e o i A b ol 8 e e, o L N S o gt A1 S A A O A O N P A o O O e il e e ol S W ol L s e e B

|
b
I
I
:
:
|
q
:
t



U.S. Patent

——rar - R —. -

Mar. 21, 2006

Sheet 7 of 9

US 7,014,959 B2

-7 raif im

130 nm node Gate Level Mask
Experimental Mairix
CD Data in X-Direction

e e L T — T

fak
L=

a 5

€D Unitormity
(nmj

CirBark
Al o otrl> O D ¢ om0

:f S
Gl Bar &
40w c e O2M BscomO2

HPD [POR} Cir Bar &
10cemCOZ2M4CscomD2

N Dalta X Har
W Range
= ! Bigma

- —_ J— . e - —— Fa— a-r

——— —— e — ——— R p————— — ——

—— e e

FIG. 6A

b rm—— ot —T - o - -t LELTS -——— —— ———— i —— —_———

130 nm Gate Level Mask
Experlmental Matrix
CD Data In Y-Diraction

- . - _— e e ——————— T ] ——— f e . - ——— e—— - - N

. —_—_ i —_———— - -

CD UnHormlly (nm}

o Cir Batr &k
10eceml O'4socm O

Clt Bur b
A0 geem GO AL $£00m O

Ma Har b
iy e 02 et ¥R

HPD FOR)

m Daobla Y-Bar
= Range
| P Slq't_- |

e e — L L e — e L - o N P

F1G. 6B



U.S. Patent Mar. 21,2006  Sheet 8 of 9 US 7,014,959 B2

POR No Bars

e
- - .. A e
A T psam w1/ B el e B v - Y i

TO1EEH7NE FOR HO

TR DT
. -.-.-.'l-.q.-_.,',-.d-.";-...'-,.ll—n.-b-i = S

Loy )]

i1

. _arer . e .-
e o g e i B ot PR A

. - _- . - L) - . " . 'f -
P e i et o P et i S Bt W g R AP R

Lo . . . . }
w1 am s s e pmd iy STy - u wr ol ol e




U.S. Patent Mar. 21,2006  Sheet 9 of 9 US 7,014,959 B2

Bars with Hi O2

= - : .
Ly Ao s 1m i il n o NPt = TR
TPDE2gipnc HIoZ2 WITH BR
' = - N . '

- { - L L L’ [ . ' =
:.._-._-.._...i'l-l-rlllhhl:m r.-n:p_-_ﬁ rm-.:ir—l:l:-_lnﬂl—t’- Fw!.r..p—:,:
" D - . e . . .

j LT o " .om . 'F- — _::-' ) Dy TR I .

R iy s e e i e b o e g o bt A i s gt o i B 0 s g e el ey e i

8.8 kY aulnlle

L] L - . - - J I' == .
2 et gt L e il S SR TS L BV LR L, L o el ol o X 0 ) e N P e o Pt iy

NT2609HE HI_C02/02 WIT




US 7,014,959 B2

1

CD UNIFORMITY OF CHROME ETCH TO
PHOTOMASK PROCESS

CROSS REFERENCE TO RELATED
APPLICATTONS

This Application 1s a continuation-in-part application of
co-pending U.S. application Ser. No. 10/604,181, filed on
Jun. 30, 2003, and which 1s now incorporated herein by
reference 1n 1ts entirety.

BACKGROUND OF INVENTION

1. Field of the Invention

The invention generally relates to a mask for photolitho-
graphic manufacturing and, more particularly to method for
ctching the mask by using a gas mixture having a selectivity
between an opaque layer and a resist layer.

2. Background Description

Patterning a thin film layer to a desired pattern 1s 1mpor-
tant 1n various industries, for example, semiconductor inte-
orated circuit fabrication. To achieve this goal, the target
layer 1s overlapped with a mask having a corresponding
pattern and exposed to an 1llumination source, for example,
light, x-ray, e-beam, etc. In photolithography for semicon-
ductor fabrication, 1t has been a common practice to use a
chromium (Cr) mask as a light shield which is a chromium
film 1n a specific pattern formed on a quartz substrate. The
opaque layer of the mask may also be, for example, chro-
mium containing compounds, molybdenum alloy and tung-
sten.

By way of example, the mask may be formed by pattern-
ing an opaque layer on a transmitting substrate according to
a desired pattern. The opaque layers are commonly chro-
mium, chromium-containing compounds, molybdenum
alloy, and tungsten. A conventional mask comprises a struc-
ture 1n which a chromium layer, which 1s an opaque layer,
1s formed on a light-transmitting substrate, such as a quartz
substrate. Furthermore, a chromium oxide layer for prevent-
ing reflection by the chromium layer, may be formed on the
chromium layer. An organic resist 1s then formed on the
chromium or chromium oxide layer, and the resist is pat-
terned, as by optical or electron beam scanning followed by
wet developing.

In recent pursuit of micro-fabrication, there has been
increasing demand for proximity correction masks, 1n which
the dimensions of fabrication are smaller than the wave-
length of exposing light. In other words, 1n photolithography
for patterning with dimensions smaller than the wavelength
of exposing light, it 1s necessary to accurately control the
intensity of light or the amount of light passing through the
opening and the diffraction of light. This control 1s accom-
plished by a proximity effect correcting mask with accurate
fine patterns which do not form 1mages on the wafer. Thus,
higher resolution and finer patterning are necessary.

A dry etching method 1s typically used to remove the
exposed chromium oxide/chromium layer by means of a
plasma process using a gaseous mixture of chlorine and
oxygen as the etchant species. The dry etching 1s commonly
used since it significantly improves patterned shapes (e.g.,
edge roughness and profile) and resolution of fine patterns as
compared to wet etching.

Presently, a gas mixture of oxygen and chlorine 1s widely
used as an etchant for dry etching chromium masks. In
certain applications, hellum 1s added to the mixture for
plasma stabilization and uniformity. However, the gas mix-
ture of chlorine and oxygen exhibits a low selectivity (e.g.,
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2

1:1) between the chromium thin film and a resist. The
selectivity is further sacrificed when helium (He) is added
for plasma stabilization and uniformity. Also, the oxygen
clement 1n the gas mixture tends to etch the resist at an
undesirably high rate. Thus, the resist must be formed thick
enough to avoid any overetching problems. For example, in
order to pattern a chromium layer having a thickness of

about 1000 13\., a resist should be formed at the thickness of
at least 3000 A to 5000 A be safe from the overetching,
problems. This undesirably thick resist degrades the reso-
lution and accuracy of the chromium pattern during the dry
ctching. Furthermore, the selectivity between the chrome
and the resist layer 1s highly sensitive to the amount of
chrome exposed to the etchant species as a sharp decline 1n
the selectivity 1s observed with increasing chrome load.

Also, 1t has been observed that the selectivity between
chromium and a resist 1s highly sensitive to the amount of
chromium exposed to the etchant gas mixture of chlorine
and oxygen during the etching process. For example, the
selectivity of the gas mixture of chlorine and oxygen sharply
declines as a larger area of the chromium layer 1s exposed to
the etchant, which 1s commonly known as a macro-loading
effect. Thus, 1n order to accurately pattern a larger area of
chromium, a significantly larger amount of the etchant is
required. However, the resist 1s less susceptible to the
macro-loading effect than chromium and therefore an unnec-
essarily large amount of the resist can be stripped off due to
the excessive amount of the etchant gas mixture, thereby
causing overetching problems.

In addition, gaseous mixtures of nitrogen, chlorine and
oxygen, or alternately, helium, chlorine and oxygen have
been used to reduce the macro-loading effect associated with
the dry etching of the chrome. However, the chrome to resist
selectivity with these chemistries 1s less than that for chlo-
rine and oxygen.

Further, it has been known that chromium exposed adjoin-
ing a highly populated resist pattern i1s etched less than
chromium exposed far from the highly populated resist
pattern, which 1s known as a pattern density effect. It has
been observed that the gas mixture of chlorine and oxygen
1s susceptible to the pattern density etfect, thereby deterring
ctching uniformity. For example, during the resist patterning
step, a wide resist frame 1s sometimes formed along the
edges of the substrate, and chromium exposed adjoining the
wide resist frame 1s significantly underetched due to the
pattern density effect. Therefore, there 1s a need for effective
methodology for patterning a photomask with higher reso-
lution and accuracy with etching uniformaity.

SUMMARY OF INVENTION

In an aspect of the invention, a method of manufacturing
a photomask 1s provided. The method includes the steps of
forming a resist layer on a portion of the opaque layer, and
the opaque layer 1s etched by using a gas mixture having a
selectivity equal to or higher than 1.2:1 between the opaque
layer and the resist layer.

Another aspect of the imnvention, a method 1s provided
which includes etching an opaque layer by using a gas
mixture of Cl,, He, O, and CO, having a gas mixture of
4:1:1:2.5 and a gas mixture ratio in volume of about 60% for

Cl,, 9% for He, 6% for O, and 25% for CO,. The opaque
layer 1s Cr, a Cr compound, a Mo alloy or W.

In yet another aspect, a method for manufacturing the
photomask includes etching an opaque layer by using a gas
mixture of Cl,, He, O, and CO., with etch conditions

between about a ratio of 40 for O, and 10 for CO,, and 10 for
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O, and 40 for CO,. The etch conditions provide a zero
iteration mask fabrication. In embodiments of this aspect,
the etch conditions provide a selectivity of Cr:Resist of
about 1.2:1 and provide CD uniformity in 3 sigma of less
than 10 nm and 1n range of about 20 nm or less.

In another aspect, a photomask comprising a substrate and
an opaque layer 1s selectively formed on the substrate. The
mask 1s manufactured by etching the opaque layer by using
a gas mixture having a selectivity of approximately equal to
or higher than 1.2:1 between the opaque layer and the resist
layer. In embodiments, the gas mixture 1s Cl,, He, O, and
CO, with a ratio of gas mixture among Cl,, He, O, and CO,

being 4:1:1:2.5 and the gas mixture ratio 1n volume being
about 60% for Cl,, 8.7% for He, 6.2% for O, and 25% for

CO.,.
BRIEF DESCRIPTION OF DRAWINGS

FIGS. 1A to 1E depict sequential phases of a method
according to an embodiment of the mnvention;

FIG. 2 depicts a flow-chart showing sequential phases of
a method according to an embodiment of the 1nvention;

FIG. 3 shows a graph of selectivity versus Cr and Resist
etch rates 1n accordance with the invention;

FIG. 4A shows a graph of endpoint time vs. Cr area
loading comparing to POR (Process of Record);

FIG. 4B shows the graph of normalized delta X-bar vs Cr
etch area;

FIGS. 5A and 5B show graphs of selectivity versus CD
uniformity in the X and Y directions, respectively, 1n accor-
dance with the invention;

FIGS. 6A and 6B shows CD uniformity vs. etch condi-
tions with Delta X-bar and Delta Y-bar, respectively; and

FIGS. 7A though 7D show several examples of cross
sections of a photomask, using different build processes.

DETAILED DESCRIPTION

The 1nvention enables manufacturing a photomask exhib-
iting a high resolution and low defects by using an etchant
that has a selectivity of about or higher than at least 1.2:1
between an opaque layer and a resist layer. In an embodi-
ment, the etchant is a gas mixture of Cl, He, O and C (e.g.,
a gas mixture of Cl,, He and CO or CO.,, preferably 1n the
ratio of 4:1:1), a gas mixture of Cl, He, O and N (e.g., a gas
mixture of Cl,, He and NO or NO,, preferably 1n the ratio
of 4:1:1), a gas mixture of CI, He, O and S (e.g., a gas
mixture of CL,, He and SO, preferably in the ratio of 4:1:1)
or a gas mixture of Cl, He and O; (e.g., a gas mixture of Cl,,
He and Oj, preferably in the ratio of 4:1:1). In another
embodiment, a small diluent flow of O, may be used 1n the
chemistry of, for example, Cl, and CO,. The Cl, and CO,
mixture ratio may be approximately 2:1 ratio with the CL,,
CO, and O, mixture at a ratio of approximately 2:1:0.25. In
addition, a gas mixture of Cl,, He, O, and CO, 1n a ratio of
about 4:1:1:2.5 may be used in accordance with the mven-
tion. The use of these etchants enables a higher selectivity
than that of the conventional gas mixtures, in embodiments,
and also potentially enables a reduction 1n the thickness of
the resist layer as well as a reduction 1n the etch bias. That
1s, due to the high selectivity, 1n some embodiments, 1t 1s not
necessary to form an undesirably thick resist layer to avoid
overetching. In the embodiments of the invention, it 1s also
possible to obtain an improvement 1n the critical dimension
(CD) uniformity by obtaining a reduction in the 3-sigma and
in range, as discussed below.
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By using the etchants of the invention, the resist can be
formed at a significantly reduced thickness, and the opaque
layer can be patterned with higher resolution and increased
accuracy. Also, the aforementioned gas mixtures are less
susceptible to the macro-loading effect and the resist 1s not
exposed to an excessive amount of the gas mixture, thereby
significantly reducing overetching problems. Further, the
ctchants of the invention are less susceptible to the pattern
density effect and hence significantly improve the
underetching problem near a highly populated resist area,
thereby achieving etching uniformaity.

FIG. 1A shows a photomask structure prior to depositing,
a resist and performing patterning according to an embodi-
ment of the 1nvention. The resist layer may be, for example,
a CAR (chemically amplified resist) or e-beam resist or laser
(optical) type resist. The photomask includes a substrate 10,
typically formed of a transparent material, for example,
glass or SION. On the transparent substrate 10, an opaque
layer 12 1s formed by depositing an opaque material, for
example, Cr, a Cr compound, a Mo alloy or W.

FIG. 1A further shows an optional reflection prevention
layer 14 formed on the opaque layer 12 to prevent light from
an 1llumination source to be reflected from the opaque layer.
The reflection prevention layer 14 1s optional and not
necessary to implement the mvention. The reflection pre-
vention layer 14 can be formed by natural oxidation of the
opaque layer 12. For example, 1 the case the opaque layer
12 1s formed of Cr, a Cr oxide that 1s naturally formed from
its underlying Cr layer can be used as the reflection preven-
tion layer 14. Another advantage of forming an oxide layer
1s that, during a subsequent step, 1t 1s easier to pattern a Cr
layer with a Cr oxide formed thereon than to pattern only the
Cr layer due to the chemical reactive characteristics. Accord-
ing to an embodiment of the invention, the reflection pre-
vention layer 14 1s formed at a thickness of about 300 A on
the opaque layer 12 having a thickness of about 700 A.

FIG. 1B shows a resist layer 16 formed on a portion of the
opaque layer 12. The resist layer 16 1s formed of a light-
sensitive material, for example, plastic or organic polymer,
that 1s hardened or softened when exposed to a specific light.
After being exposed to a specific light to form a pattern, the
softened portion of the light sensitive material 1s washed
away, thereby leaving only the hardened portion that con-
stitutes a resist pattern.

FIG. 1B equally represents the resist after removing the
softened portion to form a resist pattern that selectively
overlaps a portion of the opaque layer 12 to expose potions
of the opaque layer 12 that are to be etched. As previously
mentioned, 1t 1s not necessary to form a thick resist layer.
Thus, 1n the case the opaque layer 1s formed at a thickness
of about 1000 A with or without the optional reflection
prevention layer 14, the resist layer 16 1s formed at a
thickness ot approximately between about 2500 A and 5000
A.

After forming the resist pattern 16, the mask structure 1s
subject to a dry etching, as shown 1n FIG. 1C. During the dry
ctching, the mask structure 1s exposed to a gas mixture
having a selectivity approximately equal to or higher than
1.2:1 between the opaque layer 12 and the resist layer 16.
The gas mixture removes the portions of the opaque layer 12
that are not overlapped by the resist 16. According to the
invention, the etchant 1s selected from a gas mixture of Cl,
He, O and C (e.g., a gas mixture of Cl,, He and CO or CO.,,
preferably in the ratio of 4:1:1), a gas mixture of CI, He, O
and N (e.g., gas mixture of Cl,, He and NO or NO,,
preferably in the ratio of 4:1:1), a gas mixture of CI, He, O
and S (e.g., Cl,, He and SO,, preferably in the ratio of 4:1:1)
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or a gas mixture of Cl, He and O (e.g., Cl,, He and O,
preferably in the ratio of 4:1:1). Also, a gas mixture of Cl,
O and C (e.g., Cl, and CO, with a small flow of O,, in the
ratio of approximately 2:1:0.25) can be used. In addition, a
gas mixture of Cl,, He, O, and CO, 1 a ratio of about
4:1:1:2.5 may be used m accordance with the invention. In
one implementation, the gas mixture ratio in volume 1s about
60% for CL,, 8.7% (9%) for He, 6.2% (6%) for O, and 25%
for O,. These gas mixtures exhibit a selectivity substantially
equal to or higher than 1.2:1 between the opaque layer 12
and the resist 16, as discussed 1n more detail below.

FIG. 1D shows the photomask structure after performing
dry etching with the etchant gas mixture having a high
selectivity. Due to the higher selectivity between the opaque
layer 12 and the resist 16, the resist layer 16 can now be
formed at a significantly reduced thickness without suffering
from overetching problems. Since the thickness of the resist
16 1s significantly reduced, the resist pattern can be formed
at higher resolution with more accuracy which this translates
to an more accurate opaque layer pattern 12 formed on the
transparent substrate 10. Also, since the aforementioned gas
mixtures 1s less susceptible to the macro-loading effect, the
resist 1s not exposed to an excessive amount of the gas
mixture, thereby significantly reducing overetching prob-
lems (as illustrated in FIG. 4). Further, the aforementioned
gas mixture 1s less susceptible to the pattern density etfects,
thereby achieving etching uniformity throughout the entire
chromium layer.

Subsequently, as shown 1n FIG. 1E, the resist layer 16 1s
stripped off by conventional dry or wet stripping or ashing
processes. The sequential phases of the processing steps
described above are also illustrated as a flow chart 1n FIG.
2. The resulting photomask comprises the transparent sub-
strate 10, the opaque layer 12 and an optional reflection
prevention layer 14. As explained so far, the invention
significantly improves the resolution and accuracy of the
opaque layer pattern and significantly reduces overetching
problems.

FIG. 3 shows a graph of selectivity versus Cr and Resist
etch rates in accordance with the invention. FIG. 3 shows
that at high CO, and O, gas ratio, the resist rate drops
dramatically and results in the highest selectively for a large
Cr area (greater than 8000 mm~.

Table 1 shows the results of FIG. 3 in accordance with the
invention. Referring to FIG. 3, the selectivity Cr: Resist
ranges from 0.95 to 1.2 (or higher), depending on the gas
mixture of O, and CO.,. For example, etch conditions of 40
standard cubic centimeters (SCCM) O, has a selectivity of
Cr:Resist of 0.95. Also, the Cr rate ranges from 5.59 to 4.71
and the resist rate ranges from 5.89 to 3.71. Byway of
example, the Cr rate and Resist rate of 10 SCCM 0O,/40
SCCM CO, 1s 4.47 and 3.71, respectively, lead to the
selectivity of Cr:Resist of about or equal to 1.2 or higher. In
embodiments, when the selectivity 1s lower than 1:1,
improvements 1n mask CD uniformity are still obtained.

TABLE 1
Etch Conditions Selectivity Cir: Cr Rate Resist Rate
(SCCM) Resist (A/sec.) (A/sec.)
40 O, 0.95 5.59 5.89
40 O,/10 CO, 0.93 5.44 5.81
40 O,/40 CO, 0.89 5 5.58
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TABLE 1-continued

Etch Conditions Selectivity Cr: Cr Rate Resist Rate
(SCCM) Resist (Afsec.) (Afsec.)
20 O,/50 CO, .02 5 4.9
POR (20 O,) 1.1 5 4.69

10 O,/40 CO, 1.2 4.47 3.71

(POR: process of record)

FIG. 4A shows a graph of endpoint time vs. Cr area
loading comparing to POR (Process of Record). In this
graph, 1t 1s shown that the addition of CO,/O, gases to the
Cl, etch process 1s less sensitive to the Cr etch area loading,
1.e., Macroloading effect. Therefore, 1t 1s a more stable
process than typical Cl, and O, etch process.

FIG. 4B shows the graph of normalized delta X-bar vs Cr
etch area. This plot clearly indicates that CO,/O,, process has
a variance of 10 nm over an area range of 5000 mm~ in
comparison with the typical Cl, and O, process which has a
variance of 25 nm over a range of 5000 mm~.

FIGS. 5A and 5B show graphs of selectively versus CD
uniformity 1n the X and Y directions, respectively, 1n accor-
dance with the invention. These graphs are representative of
an experimental matrix of selectivity (3 sigma:Range) vs.
CO,/0O,. These graphs show a selectivity of 1.2:1 with etch
conditions of 10 SCCM 0,/40 SCCM CO,. This graph

further shows the various CD measurements (nm) for the 3
Sigma and Range. As shown, the CD (critical dimension)
uniformity, 3-sigma, for manufacturing a photomask has an
improvement by 3-5 nm. 3-sigma 1s uniformity; it 1s the
standard deviation times 3.

FIGS. 6 A and 6B show CD uniformity vs. etch conditions

with Delta X-bar and Delta Y-bar, respectively. As shown in
FIGS. 6A and 6B, and reproduced 1n Table 2, below, several
ctch conditions are shown 1n relation to a Delta X-bar, range

and 3-sigma and Delta Y-bar, range and 3-sigma, respec-
tively. It has been found that the use of a clear bar or clear
structure (added to the mask and surrounding the array or

etched pattern) improves the CD uniformity. That 1s, it has
been found that when clear bar 1s added to the mask, then
etching with increased O, flow, the uniformity of the mask
1s 1mproved. With the combination of CO,/O,, the unifor-
mity as well as the selectivity 1s improved.

By way of example, the best 3-sigma 1s shown to be under

10 nm and the best range 1s shown to be under 20 nm. Also,
by using the invention, 1t has been found that the process 1s
very stable and clean; namely, the use of CO., does not
provide any contaminants to the process and, of importance

compared to known systems, there 1s a “zero” iteration in the

production of masks. In other words, the process of the
invention can build a mask on a first attempt, compared to
two or more builds using known processes. In this manner,
there 1s an increase 1n yield using the invention. This saves
considerable cycle time, €.g., seven or more days of fabri-
cation, material costs and labor.
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TABLE 2
No Bar &
No 40 Clr Bar &
Bar & (sccm) Clear 40

HPD Hi CO,/40 Bar CO,/40 Clr Bar &

(POR) O, (scem) O, (POR) O, Hi O,
Delta -11 10 16 25 28 27
X-Bar
Range 28 27 26 21 22 23
3 17 15 16 11 12 12
Sigma
Delta -10 13 12 28 33 29
Y-Bar
Range 21 23 21 15 17 21
3 13 13 14 8 9 10
Sigma

The Delta X-bar and Y-bar 1s referred to as Mean-to-
Target (MTT) in x-direction/y-direction or sometimes called
CD (Critical Dimension) bias. It is a measurement to find out
how far off the actual measurement 1s from the target.
Hence, the smaller the CD bias or MTTT, the closer the actual
measurements are to the target. In the plot of CD Data 1n X
or Y directions, the best process i1s the process with the
lowest number in (i) 3-sigma (uniformity), (ii) in range
(highest measurement-lowest measurement), and in (111)
MTT or Delta X-bar/Y-bar. As seen from the figures and

Table 2, the best process would be the use of a clear bar with
ctch conditions of 10 SCCM 0,/40 SCCM CO,. In one

implementation, the etch conditions include between about
40 SCCM O, and 10 SCCM for CO,, and 10 SCCM O, and

40 SCCM CO,, tor providing CD uniformity in 3-sigma of
less than 10 nm and 1n range of about 20 nm or less.

As discussed above, 1n embodiments, when the selectivity
1s about or lower than 1:1, improvements in mask CD
uniformity are still obtained with the imvention. By way of
example, and referring to Table 2, above, when using a ratio
of gas mixture of 40 for CO, and 40 for O,, there 1s a
selectivity of about 0.9:1, which 1s lower than a 1:1 ratio;
however, 1n this example, there 1s a 3-sigma of 12 and an 1n
range of 22 1n the X axis. This shows better results than that
of the POR, which 1s a conventional process. In another
example, when using a ratio of gas mixture of 50 SCCM for
CO, and 20 SCCM for O,, there 1s a selectivity of about 1:1;
however, 1n this example, there 1s a 3-sigma of 10 and an 1n
range of 17 1n the X axis. This, again, shows better results

than that of the POR.

FIGS. 7A though 7D show several examples of cross
sections of the mask, using different build processes. The
structure shown 1n FIGS. 7A-7D 1s used to fabricate a
polysilicon gate. As shown in FIGS. 7A and 7B, using
conventional build processes, the mask or etched chrome
sidewall has a tail “T” or foot at an edge. This tail may
sometimes result in a bridge between adjacent gates thus
shorting the device (PC to PC short). This tail may also
result 1n a printed gate which 1s too large thus slowing speed
down 1n the microprocessor. The structure shown 1n FIG. 7C
does not result 1n the tail. This structure was formed with a
high O, mixture with clear bar. The structure shown 1n FIG.
7D, using the processes of the invention with a CO, and O,
concentration, also does not result 1n the tail. This process,
as discussed above, has a higher selectivity to the Cr layer
than that with the high O, concentration, alone.

While the mnvention has been described 1n terms of an
embodiment, those skilled in the art will recognize that the
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invention can be practiced with modification within the
spirit and scope of the appended claims.

The mvention claimed 1s:

1. A method for manufacturing a photomask, comprising
steps of:

forming an opaque layer; and

ctching the opaque layer by using a gas mixture having a

selectivity of about 1.2:1 between the opaque layer and
the resist layer.

2. The method of claim 1, wherein the gas mixture
comprises Cl,, He, O, and CO..

3. The method of claim 2, wherein a ratio of gas mixture
among Cl,, He, O, and CO, 1s 4:1:1:2.5.

4. The method of claim 3, wherein the gas mixture ratio
in volume 1s about 60% for Cl,, 9% for He, 6% for O, and
25% for CO..

5. The method of claim 1, wherein the opaque layer 1s Cr,
a Cr compound, a Mo alloy or W.

6. The method of claim 1, wherein the CD (critical
dimension) uniformity, 3-sigma, for manufacturing a pho-
tomask 1s 10 nm or less.

7. The method of claim 1, wherein the resist layer 1s a
CAR (chemically amplified resist) or e-beam resist or laser
(optical) type resist.

8. The method of claim 1, wherein the etch conditions
include between about a ratio of 40 for O, and 10 for CO,
and 10 for O, and 40 for CO.,.

9. The method of claim 8, wherein the etch conditions are
in a ratio of about 50 for CO, and 20 for O.,.

10. The method of claim 1, wherein the etch conditions
include between about a ratio of 40 for O, and 10 for CO,
and 10 for O, and 40 CO,, for a providing CD uniformity 1n
3-sigma of less than 10 nm and in range of about 20 nm or
less.

11. The method of claim 1, wherein the etch conditions
include a ratio of about 40 for O, and 10 for CO, for a
providing CD uniformity in 3-sigma of less than 10 nm.

12. The method of claim 1, wherein the gas mixture

comprises Cl,, He, O, and CO, with a gas mixture ratio in
volume of about 60% tor Cl,, 9% for He, 6% tor O, and 25%

for CO.,.

13. The method of claim 1, wherein the etch conditions
include a ratio of about 10 for 0, and 40 for CO, for a
selectivity Cr:Resist of 1.2:1.

14. The method of claim 1, wherein the opaque layer 1s Cr,
and a Cr rate is about 4.47 A/sec. and the resist rate is about
3.71 A/sec.

15. A method for manufacturing a photomask, comprising
etching an opaque layer by using a gas mixture of Cl,, He,
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0O, and CO,, with etch conditions between about a ratio of 40
for O, and 10 tor CO,, and 10 for O, and 40 for CO,, wherein
the etch conditions provide a zero iteration mask fabrication.

16. The method of claim 15, wherein the etch conditions
provide a selectivity of Cr:Resist of about or less than 1:1.

17. The method of claim 15, wherein the etch conditions
provide CD uniformity 1n 3-sigma of less than 10 nm and in
range ol about 20 nm or less.

18. The method of claim 15, wherein the etch conditions
include a ratio of about 40 for O, and 10 for CO, for a
providing CD uniformity in 3-sigma of less than 10 nm.

19. The method of claim 15, wheremn the gas mixture

comprises Cl,, He, O, and CO, with a gas mixture ratio in
volume of about 60% tor CL,, 9% tor He, 6% for O, and 25%

for CO.,.

20. The method of claim 15, wherein a gas ratio of Cl,,
He, O, and CO, 1s 4:1:1:2.5, wherein the opaque layer 1s Cr,
a Cr compound, a Mo alloy or W.

21. A photomask comprising a substrate and an opaque
layer selectively formed on the substrate, the mask manu-
factured by steps comprising etching the opaque layer with
cither a chlorine or fluorine containing species and a gas
mixture of O, and CO,, having a selectivity lower than 1:1
between the opaque layer and the resist layer.
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22. The photomask of claim 21, wherein the gas mixture
1s Cl,, He, O, and CO.,,.

23. The photomask of claim 21, wherein a ratio of gas
mixture among Cl,, He, O, and CO, 1s 4:1:1:2.5 and the gas
mixture ratio 1n volume 1s 60% for Cl,, 8.7% tor He, 6.2%
for O, and 25% tor CO..

24. The photomask of claim 21, wherein the opaque layer
1s Cr, a Cr compound, a Mo alloy or W.

25. The photomask of claim 21, wherein the CD (critical
dimension) uniformity, three sigma, for manufacturing the
photomask 1s less than 10 nm.

26. The photomask of claim 21, wherein the resist layer
is a CAR (chemically amplified resist) or e-beam resist or
laser (optical) type resist.

27. The photomask of claim 21, further comprising a
reflection prevention layer formed on the opaque layer,
wherein

the substrate 1s a transparent material and the reflection
prevention layer 1s an oxide of the opaque layer.
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